Background and Purpose: We studied six patients suffering from pure, unilateral brain stem infarction to explore the association of remote cerebral and cerebellar blood flow changes with damage at different sites of this region of the brain.
Brain Stem Infarction and Diaschisis
A SPECT Cerebral Perfusion Study F. Fazekas, MD; F. Payer, MD; H. Valetitsch, MD; R. Schmidt, MD; E. Flooh, PhD Background and Purpose: We studied six patients suffering from pure, unilateral brain stem infarction to explore the association of remote cerebral and cerebellar blood flow changes with damage at different sites of this region of the brain.
Methods: We used single-photon emission computed tomography and llliodoamphetamine to measure regional differences in tracer uptake. Qualitative image analysis and calculated asymmetry indexes were correlated to the location of the infarcted area on magnetic resonance imaging and to the patients' clinical findings.
Results: Significant perfusion asymmetries were noted in the two patients with infarction in the upper pons but not in those with lesions below this level. They comprised a contralateral cerebellar and ipsilateral supratentorial hypoactivity that was most marked in the frontoparietal cortex. There was no clear relation between the patterns of cerebral or cerebellar tracer uptake and specific neurological findings.
Conclusions: Remote perfusion changes after pure brain stem infarction may be seen both infratentorially and supratentorially and depend on the lesion site rather than on the neurological deficit. In this context, our study confirmed damage to the corticopontocerebellar pathways as the key event in the genesis of a crossed cerebellar diaschisis. The exact mechanisms causing ipsilateral cerebral hemispheric diaschisis await further clarification. (Stroke 1993; 24:1162 -1166 KEY WoRDs * brain stem * cerebral blood flow * diaschisis * tomography, emission computed C ontralateral hypoperfusion of the cerebellum may be seen in up to 50% of patients with hemispheric stroke.1-3 It occurs preferentially with large infarcts and damage to the frontoparietal lobes.4 A similar phenomenon can be observed in the opposite direction; ie, contralateral cerebral hemispheric blood flow was shown to be significantly depressed in patients with unilateral cerebellar hematomas or infarcts.56 Remote deactivation from damage to the fiber tracts of the cerebrocerebellar loop is thought to be the most likely explanation for both types of diaschisis. 6, 7 This hypothesis may gain further support from cerebral blood flow studies in patients with lesions of the brain stem because these pathways traverse parts of that area. However, single-case studies came up with conflicting results. There have been two reports of patients with pontine infarction and a crossed cerebellar hypoperfusion8s9; however, such a lesion was associated with ipsilateral hypoactivity in another patient. 10 We therefore describe the single-photon emission computed tomography (SPECT) perfusion patterns observed in a selected group of patients with unilateral brain stem infarction and relate these findings to lesion topography and the patients' neurological deficits.
Subjects and Methods
Among a series of 258 SPECT studies for cerebrovascular disease during a 2-year period, 7 12 we used the sum of count rates from related cortical structures to obtain ratios for the frontal, parietal, temporal, and occipital lobes. Care was taken to closely match placement and configuration of ROIs with the anatomic structures displayed by MRI. The cerebellar tracer uptake was assessed in two ways. First, a rectangle measuring 20x 25 mm was symmetrically inscribed within the cen- ter of each cerebellar hemisphere.13 To detect tracer asymmetries outside this rectangle, a second ROI was drawn around the contours of one entire cerebellar hemisphere and then mirrored onto the other hemisphere, with the midline serving as axis. In case of visual asymmetry, the size of this ROI was derived from the smaller half of the cerebellum to keep the probability of false-positive side-to-side differences at a minimum. The asymmetry index was considered to be abnormal if it was outside the 95% confidence interval of values collected from a group of 10 asymptomatic age-comparable volunteers (age range, 44 to 66 [mean, 56] years) studied during the same time period. The confidence limits were determined by using the two-tailed t test value corresponding to P<.05 at nine degrees of freedom.
We performed MRI studies on all patients and control subjects with a 1.5-T magnet (Gyroscan S15, Phil order. Briefly, two patients had infarcts involving the upper pons. Infarction to the midpons and medulla was noted in two subjects each. The cerebellum appeared normal in all cases. At supratentorial levels we found subtle bilateral white matter hyperintensities in five patients. Two individuals showed basal ganglia and thalamic lacunes that did not exceed a diameter of 1 to 2 mm. Bilateral white matter hyperintensities were also seen in four control subjects. Patients 1, 2, and 3 probably suffered from small-artery occlusion, cardioembolism had to be assumed in patient 5, and the cause of stroke remained undetermined in patients 4 and 6.
In the two patients with upper pontine stroke, SPECT studies yielded an abnormal perfusion pattern characterized by a relative reduction of tracer uptake in the ipsilateral hemispheric cortex and the contralateral cerebellum. Supratentorial changes were most marked in the frontoparietal lobes (Table 1 and Figure) . The corresponding asymmetry indexes are shown in Table 2 . No perfusion asymmetry occurred in patients with more caudally located infarcts. Doppler sonographic studies showed no hemodynamically significant stenosis of the extracranial or intracranial cerebral arteries in any of the patients examined.
The neurological examinations of patients with asymmetric cerebellar tracer uptake were unremarkable for cerebellar signs. Testing was limited, however, because they all suffered from marked motor deficits. Hemiataxia in patients with lesions located in the midpons and below was not associated with a cerebellar perfusion asymmetry. In the presence of diaschisis, patients tended to have more severe motor deficits than those with a symmetric perfusion pattern (Table 1) . 
Discussion
We observed significant cerebellar perfusion asymmetries exclusively in patients with upper pontine stroke; these asymmetries were characterized by a lower tracer uptake contralateral to the ischemic lesion. In our sample of brain stem infarcts this was the location with the highest probability of causing damage to a significant number of descending cerebrocerebellar fiber tracts, as all still course together at that level. 1F5'6 Accordingly, the patient with brain stem stroke and contralateral cerebellar hypoperfusion described by Sakai et all also suffered from infarction to the upper basis pontis. lar connections. As these tracts cross at midpontine level, a unilateral lesion may cause simultaneous but diverse damage to pathways projecting to both cerebellar hemispheres. Differences in sensitivity for displaying the extent of morphological damage between studies using cranial computed tomography or MRI and additional hemodynamic compromise, which we excluded in our study, may also have had some impact on the above results. Unilateral cerebellar hypoactivity was not seen in patients with dorsolateral medullary infarction. Lesions at that site of the brain stem will damage only those fibers of the cerebrocerebellar pathways that reach the cerebellum through the inferior olive.15'16 This is a relatively small portion. Obviously, compromise of afferents from the spinal cord was insufficient to cause a detectable cerebellar diaschisis.
The association of brain stem infarction with ipsilateral cerebral hemispheric diaschisis was a finding that has not been reported previously. It occurred in the two patients with upper pontine stroke and contralateral cerebellar hypoactivity and involved preferentially the frontoparietal cortex. Various potential mechanisms deserve discussion. Reports on cerebral hemispheric diaschisis contralateral to a cerebellar hemorrhage or infarction suggest interruption of the ascending cerebellothalamocortical projections as a potential cause.56 Accordingly, ischemia in our patients may have reached far enough cranially to damage these pathways after decussation of the brachium conjunctivum. The frontoparietal distribution of cerebral hemispheric hypoactivity noted in our patients would fit with the anatomic data on the projection of these tracts.18 However, such an infarct extension could not be substantiated on MRI and would rarely have spared the area caudal to the decussation, which contains the uncrossed portion of analogous projections to the contralateral cerebral hemisphere.
The simultaneous presence of a crossed cerebellar and ipsilateral cerebral hemispheric diaschisis could be explained by disruption of just the corticopontocerebellar tract as well, if this would have induced both anterograde and retrograde effects. Yet a positron emission tomography study on capsular and thalamic strokes suggests that the thalamocortical projections must sustain damage before hypometabolism of the overlying cortical mantle develops. 19 The authors of the same study speculate that cortical hypoactivity per se might suffice to cause a contralateral cerebellar diaschisis. The inverse could have been observed by us; ie, cerebellar deactivation after upper pontine stroke may have back-projected to cortical areas through intact cerebellocerebral connections.
Numerous other tracts passing through or originating in the pontine tegmentum could have been also relevant to our findings. Evidence from animal studies suggests that lesions to specific brain stem nuclei such as the locus coeruleus can be associated with metabolic depression of the ipsilateral cerebral cortex, and damage to fibers of the ascending reticular activating system can alter forebrain function.4 Finally, Botez et a15 incriminated a dopaminergic pathway that originates from the dentate nucleus as a contributor to cerebellocerebral diaschisis in their patients with infarction or degenerative disorders of the cerebellum.
We found no clear association between SPECT perfusion patterns and clinical signs and symptoms. Patients with upper pontine stroke showed a contralateral hypoperfusion of the cerebellum without corresponding neurological signs, whereas ataxia was a prominent finding in three of four patients with more caudally located infarcts and symmetrical cerebellar blood flow. 
